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High-mass Higgs searches at the Tevatron

● Higgs production cross section for pp 
collisions at √s = 1.96TeV

● Gluon fusion (ggH): σ ≈ 0.2–1pb
● Associated production (VH): σ ≈ 0.01–

0.3pb
● Vector boson fusion (VBF) σ ≈ 0.01–0.1pb

● Precision EWK data indicates 
114<m

H
<186GeV @ 95 C.L.

● H → WW is the main decay mode for 
m

H
>135GeV, characterizing (most of) high-

mass searches.
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Production cross section
● Our signal samples are generated 
(LO) with Pythia6
●We adjust the yield and the main 
kinematic distributions (p

T

H) to the 

latest calculation available:
● gg→H

● NNLO+NNLL cross section from 
JHEP 0904, 003 (Anastasiou et al, 
2009) and Phys Lett B 674, 291 
(de Florian et al, 2010)

● computed with MSTW08 PDF set
● p

T

H reweighted to NNLL+NLO 

from HqT, with relative 
uncertainty from ResBos 

● VH: NNLO from JHEP 1010, 064 
(Baglio et al., 2010)
● VBF: NNLO from Phys Rev Lett 
105, 011801 (Bolzoni et al, 2010)
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Backgrounds
We apply few adjustments to the backgrounds as well. We use what 
was learnt in other analyses to improve the modeling of some 
background variables:
● W, Z + jets: boson pT reweighted to match the spectrum observed in 
data, after unfolding
● diboson VV: 2D reweigthing as a function of p

T
(VV) and p

T
(V) to 

match the prediction from MC@NLO
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H→WW final states
Higgs branching fractions 
computed with HDECAY

WW decays:

 Purely leptonic WW decay provides the 
final state with the best sensitivity, but it's 
not enough and it's not the only one...
● A cut-based analysis alone is not 
sufficient → use multivariate techniques 
● Use of all feasible final states, with at 
least one leptonic W decay

Divide and conquer!
● Split the dataset in several reconstructed 
final states
● Different kinematic and topology
● Optimize  the MVA for different mixtures 
of signal and background contributions
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Winter update
● Both experiments increased the dataset being analyzed: most 
sensitive channels with 7.1/fb for CDF and 8.1/fb for DØ
● Expect to have 10/fb by the end of the Tevatron RunII

Channel CDF DØ 

            H → WW → ℓ+ ν ℓ–  ν

ℓℓ +0/1/2+ jet (ℓ=e,μ) 7.1/fb 8.1/fb

ℓℓ +0/1 jet, low mass 7.1/fb – 

τ
had

 ℓ 7.1/fb 7.3/fb NEW!

τ
had

 ℓ , 2+ jets – 4.3/fb NEW!

            H → WW → ℓ ν qq

ℓν + 2+ jet (ℓ=e,μ) – 5.4/fb

            VH → VWW

Same-sign dileptons 7.1/fb 5.4/fb

Trileptons 7.1/fb – 
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Two isolated high-p
T
 leptons (ℓ = e, μ) 

with opposite charge.
Each analysis is sub-divided in several 
sub-channels:
● DØ: ee, eμ, μμ 
● CDF: low/high sensitivity or M

ℓℓ

Different efficiencies, kinematics, and 
resolutions

H→WW→ℓ+νℓ–ν: pre-selection
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● Further subdivision based on the 
number of reconstructed jets
● Different signal and backgound 
compositions:

● 0jet: WW
● 1jet: Z/γ* 
● > 2jets: tt

●train MVA separately in order to 
maximize sensitivity

  Divide and conquer

WW
tt

DY
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Further selection criteria are 
applied to reduce the largest 
background (Z/γ*)
● CDF

● require high missing E
T

● DØ
● ee, μμ train DT against  Z/γ*, 

then require high DT output
● eμ kinematic selection (E

T
 and 

M
T
)

● jet splitting and Z/γ* DT 
improved DØ  expected 
sensitivity by 15-30%

● Expect ~ 100 signal events at 
final selection for CDF + DØ 
@165GeV

H→WW→ℓ+νℓ–ν: final selection

DØ Preliminary
L=8.1fb-1

μμ + MET (0jet)
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At each mass point, 
trained separately for 
each sub-sample.
● CDF: Neural Net
● DØ : Decision Tree

Input variables:
● kinematic
● topological
● CDF: matrix element 
likelihood ratio
● b-tag as an input or 
as a veto

H→WW→ℓ+νℓ–ν: final MVA

DØ Preliminary
L=8.1fb-1

ee + MET (1jet)

DØ Preliminary
L=8.1fb-1

eμ + MET (0jet)



D. Gerbaudo (Princeton) BNL Higgs workshop, May 2011 11

Selecting events with one lepton (e,μ), 
and one hadronic τ:
● CDF analyses updated: 7.1/fb
● DØ new analyses:

● μτ
had

 + <1jet (7.3/fb)
● e(μ)τ

had
 +>2jets (4.3/fb)

Other decays: W→τν and W→qq'

H → WW → ℓνjj:

Selecting events with 
one lepton (e,μ), at least
2 jets, and missing E

T
:

● DØ recent publication (5.4/fb):
  Phys. Rev. Lett. 106, 171802 (2011)
● Sensitivity: 5SM @ m

H
=160GeV
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Events with two same-sign leptons and 
missing E

T 
(CDF and DØ):

● Different signal contributions: WH → 
WWW
● Different backgrounds: W+jets, DY 
with charge flips

          VH → VWW

 Events with three leptons (CDF), 
subdivided in three channels:
● inside Z-peak (same flavor, opposite 
sign) with one or two jets
● outside Z-peak
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Systematic uncertainties

0jets: NNLO
1jets: NLO

Anastasiou et al,
JHEP 0908, 099 
(2009).

2+jets: NLO

Campbell et al,
Phys. Rev. D81,
074023 (2010).

Uncertainty on σ(gg→H) 
normalization assessed
separately for each jet multiplicity.
● scale variation: 7-33%
● PDF following PDF4LHC 
prescription: 8-30%

Shape p
T

H: ResBos μ/μ
0
 variation

Backgrounds:
● σ(tt): 10% from Phys Rev D 80 
054009 (Moch et al, 2009)
● WW/WZ/ZZ: ~7% by              
varying μ with MCFM 
● remaining backgrounds and 
further details in 
hep-ex/1103.3233.

http://arxiv.org/abs/1103.3233
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Gaussian prior assigned to each uncertainty; 
nuisance parameters constrained from data    
→ more details in Tom's talk on Friday

Other uncertainties (normalization and shape), 
uncorrelated among experiments and channels:
● lepton ID efficiencies
● jet energy scale and resolution, multijet  
background estimate
● b-tag efficiency
● detailed list in hep-ex/1103.3233.

Systematic uncertainties

No significant excess observed.

Both experiments reach SM 
sentitivity for m

H
 ~ 165GeV

http://arxiv.org/abs/1103.3233
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● Important milestone achieved by CDF and DØ, both reaching SM sensitivity in 
the H → WW channel
● Results achieved thanks to large datasets, advanced analysis techniques, and a 
divide-and-conquer approach
● This result would have not been possible without the most accurate theoretical 
predictions for signal production

Limits and Conclusions

Thank you!

Exclusion at 95% C.L. 
of SM Higgs hypothesis 
for 158<m

H
<173 GeV.
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Backup
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Expected limit for mH=165GeV,  times SM

Expected limits per channel

Channel CDF DØ 

            H → WW → ℓ+ ν ℓ–  ν

ℓℓ +0/1/2+ jet (ℓ=e,μ) 0.93 0.97

ℓℓ +0/1 jet, low mass included in 0.93 – 

τ
had

 ℓ 13.1 7.5

τ
had

 ℓ , 2+ jets – 12.3

            H → WW → ℓ ν qq

ℓℓ +0/1/2+ jet (ℓ=e,μ) – 5.1

            VH → VWW

Same-sign dileptons included in 0.93 7.0

Trileptons included in 0.93 – 
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Matrix element discriminant
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MVA cross check
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Response I
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Response II
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Response III
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Response IV
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Response V
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